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This invention relates fo optical lïlters and 
more particutarty fo filters having transmission 
bands whose width and position on the spectrum 
can be precisely controtled. 
If bas heretofore been proposed to form fitters 
of the polarization interference type having wide 
apertures and retativety narrow transmission 
bands. These fitters comprise a pturality of su- 
perposed components, each comportent compris- 
ing suitabte birefringent members tocated be- 
tween parattel or crossed polarizers. Such filters 
and the theory of the optics thereof have been 
described by Lyot in Comptes Rendus, 197, 1593 
(1933), and by J. Evans, pub. Astro. Soc. Pac. 52, 
305 (1940). If is one object of the present inven- 
tion to provide improved fllters of this type of 
a retativety simple construction which can be so 
controtted that the transmission, i. e., "pass" 
bands thereof can be shifted at witl over a con- 
siderable range of wavetength. 
Other objects are the provision of a novet po- 
larization interference tirer comprising a pturat- 
ity of superposed "channel spectra" p.roducing 
components wherein each of said components in- 
cludes a stress-responsive birefringent etement 
and there is associated with each said etement a 
stress-apptying mechanism for setectivety con- 
trotting the wave-retardation characteristics of 
said element; wherein the birefringent etement 
is responsive to etectrical stress and the stress- 
apptying mechanism subjects said element fo an 
etectrical fietd; wherein a common control simul- 
taneousty operates the stress-apptying mecha- 
nisms associated with each said etement; and 
wherein said etements of varying birefringence 
are associated with etements of fixed birefrin- 
gence to provide the wave-retardation members 
of the severat components of the titrer. 
These and other objects of the invention witt 
in part be obvious and witt in part appear here- 
inafter 
The invention accordingty comprises the prod- 
uct possessing the features, properties and the 
relation of components which are exemptified in 
the following detailed disclosure, and the scope 
of the application of which witt be indicated in 
the ctaims. 
For a fulter understanding of the nature and 
objects of the invention, reference shoutd be had 
to the fottowing detaited description taken in 
connection with the accompanying drawings 
wherein: 
Figure 1 is a schematic view of one embodi- 
ment of a tunabte fitter embodying the present 
invention, said titrer comprising four compo- 
nents; 
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Fig. 2 shows the transmission characteristics 
of the several components of a tirer of the type 
iltustrated in Fig. 1 and atso the sum of the trans- 
mission characteristics of the several compo- 
5 nents, the transmissions being ptotted as ordi- 
nates and the wavetengths as abscissas; 
Fig. 3 is a schematic view of a three-element 
tunabte lïlter embodying electricat means for 
controtling the position of the transmission 
10 bands; and 
Fig. 4 is a schematic view of a further modifica- 
tion of the filter of the invention wherein the 
birefringent etements are subjected fo mechani- 
cal stress in order fo vary the wave retardation 
15 characteristics thereof. 
According fo the present invention there is 
provided a novet opticat tirer of the potarization 
interference type. If comprises a muttipticity of 
components, each of which inctudes a pair of po- 
20 larizers having their transmission axes parattel 
to each other and a wave retardation member, 
which member may comprise one or more ete- 
ments of suitable birefringent media. The sev- 
erat components are atigned along a suitabte opti- 
25 cal axis and adjacent components may share 
one of their polarizers and it is accordingty fo 
be expressty understood that the reference herein 
made fo the potarizers of the components of the 
filters are hot fo be construed as requiring a sep- 
30 arate pair of polarizers for each component. 
The effective thicknesses of the wave-retarda- 
tion members of the successive superposed com- 
ponents of the tirer are preferabty in the ratio 
of 1:2:4 etc. The thickest wave-retardation 
35 member predetermines the width of the pass 
bands and it becomes possible fo obtain transmis- 
sion bands as narrow as desired. For example, 
the transmission bands may range from a frac- 
tion of an Angstrom fo severat hundred Ang- 
40 stroms in width. By suitabty setecting the hum- 
ber of components and the wave-retardation 
characteristics thereof, hot onty can the width of 
the pass bands be precisety controtled but if is 
atso possible to controt the separation of the 
45 bands with respect fo one another. For a fulter 
understanding of the optics of the fitters of this 
general type, reference may be had fo the afore- 
mentioned publications of Lyot and Evans and 
fo applicant's paper pubtished in the Journal of 
50 the Optical Society of America, vol. 37, No. 10, 
pages 738-746 (October 1947). 
According to the present invention the wave- 
retardation members of the several components 
of the titrer are so constructed as fo bave their 
55 wave-retardation characteristics subject fo pre- 
cise variation within a range of at least one-hatf 
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wavelength whereby the position of the pass 
bands of the fllter on the spectrum can be shifted 
at will throughout a wavelength range equal to 
the spacing of the successive pass bands. The 
birefringent members of the several components 
of the fllter are such that their birefringent char- 
acteristics can be varied merely by the applica- 
tion of a suitable stress, electrical or m.echanical, 
thereto. This makes for a simple and rapid 
shifting of the position of the pass banals and 
thus provides a tunable narrow band optical ff]ter 
that can be readily and simply controlled. 
Referring to Figure 1 of the drawings, there is 
shown schematically an embodiment of the ff]ter 
means of the present invention which comprises 
four components 2, 4, 6 and 6, each of said 
components comprising a pair of parallel polar- 
izers 26 on opposite sides of a stress-responsive 
birefringent member 22. It will be observed 
that each component shares a polarizer with the 
component which it adjoins although itis equally 
possible to have two separate polarizers for each 
of the components. Associated with each of the 
birefringent members oï each component there 
is a stress-applying means 24, which may be 
electrical or mechanical, which may be operated 
to effect a selective change in the wave-retarda- 
tion characteristic of the birefringent member 
with which itis associated. 
In Fig. 2 of the drawings there is shown 
graphically the transmission characteristics of 
the severa.1 component of the fllter of Fig. 1 and 
also the transmission characteristics of the ff]ter 
as a whole. The curve 26 represents the trans- 
mission characteristics of the flrst component f2 
of the ff]ter, the curve 28 represents the trans- 
mission characteristics of the second component 
f4, the curve 36 the transmission characteristics 
of the third component f6, and the curve 32 the 
transmission characteristics of the fourth com- 
ponent 
The effective retardation thickness of the bire- 
fringent members or Plates 22 of the several com- 
ponents f 2, f 4, f 6 and f 3 of the foregoing fllter 
is approximately in the ratio of 1:2:4:8. The 
effect of bringing together these components in a 
polarization interference ff]ter is fo give com- 
posite characteristics whlch are represented by 
curve 36 wherein 38 represents the relatively nar- 
row, widely spaced pass bands of the filter. Ac- 
cording to the present invention, the position of 
these pass banals can be shifted (for example, to 
the position shown in broken lines at 46) by 
suitably operating the stress-applying means 24. 
The peak transmission of the ff]ter will depend 
on the type of polarizing and birefringent ele- 
ments which are used. For example, with a 
many-component fllter, e. g., a fllter having rive 
or more components, using sheet polarizers, and 
in which the elements of the various components 
and the components themselves are separated by 
air spaces, the peak transmission may be of the 
order of 10%. With quartz or calcite polarizers 
and a laminated construction, the peak trans- 
mission may be as high as 35%. The angular 
aperture of the ff]ter will depend to a consider- 
able extent on the narrowness of the desired pass 
band. For ff]ters having pass bands of several 
hundred Angstroms in width the angular aper- 
ture may be of the order of 20 ° total fleld whereas 
for ff]ters having a pass band of a width of one 
Angstrom the angular fleld may be of the order 
of a degree. 
One spociflc embodiment of the ff]ter of the 
present invention is illustrated schematically in 
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Fig. 3 and, as shown, comprises three channel 
spectra-producing components, each of which 
comprises a pair of parallel polarizers 42 and a 
birefringent or wave-retardation member 44. 
5 As shown, each of wave-retardation members 44 
comprises two superposed birefringent elements 
46 and 43. Birefringent elements 43 of said com- 
ponent are alike, whereas birefringent elements 
46 are preferably formed of the saine material 
10 but vary in thickness so that their wave-retarda- 
tion properties are different. The birefringent 
elements 46 and 48 of each of birefringent mem- 
bers 44 impart to said members the desired wave- 
retardation ratio of approximately 1:2:4. In 
]5 the form shown, each of elements 4.6 may be 
formed, for example, of quartz, and each of ele- 
ments 43 is preferably formed of a material 
whose birefringence changes when subjected to 
the action of an electric fleld of varying potential. 
20 An example of one such material is crystalline 
NH4H2PO4 which is commercially available as 
PN, being grown and sold by the Brush Develop- 
ment Company of Cleveland, Ohio, under this 
trade naine. This crystal has a high electro- 
25 optic effect and in particular it exhibits a strong 
longitudinal effect. For flelds applied parallel to 
the direction of light propagation and at the 
saine time parallel to the optical axis, there is a 
strong induced birefringence. In this crystal the 
3o effect is linear with fleld strength, and since the 
light path and field strength are in the saine 
direction the effect becomes linear with voltage 
and substantially independent of thickness. 
In the speciflc structure shown in Fig. 3 there 
3. is associated with each of elements 43 a suitable 
means for applying an electrical fleld of con- 
trolled potential to crystal 48. A pair of trans- 
parent electrodes 56 formed, for example, of glass 
coated with stannous oxide films are connected to 
40 opposite faces of each of crystals 48. Pairs of 
leads 52 connect each pair of said electrodes 
through a voltage-controlling device diagram- 
matically represented at 54 to a common source 
of electrical energy 55. The voltage regulators 
45 as shown are variable resistances and a single 
control 55 is preferably provided for simulta- 
neously operating all of the resistances whereby 
the saine voltage change may be obtained in each 
of the birefringent members by means of a single 
5O operation. This simple resistance network for 
controlling the voltages applied fo crystal 45 
gives the desired variation in the wave-retarda- 
tion characteristics of said crystals. In the form 
shown, each variable resistance 54 has four re- 
55 sistance positions and .with such reslstances the 
ff]ter of Fig. 3 may have its Pass banals set fo four 
discrete wavelengths. By suitably selecting the 
mechanism for controlling the line voltage aP- 
plied to each of the crystals 48 it becomes readily 
60 possible to provide as many separate discrete 
positions for the pass banals of the fllter as is 
desired. 
Other crystals may be substituted for the PN 
crystal of element 48, for example such other 
65 phosphates as ammonium dihydrogen phosphate 
(ADP), potassium dihydrogen phosphate (KDP), 
as well as rubidium dihydrogen phosphate may 
be employed. Various other crystalline sub- 
stances may also be used including, among oth- 
70 ers, calcium dichromate, tartaric acid, magne- 
sium sulphate, hydrated zinc sulphate, calcium 
ditartrate, Rochelle sali, ammonium magneslum 
phosphate, barite, wulfenlte (lead molybdate), 
sodium aluminum silicate, ammonlum chloride, 
75 zinc sulflde, boracite. A more complete table of 
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suitable crystals maybe found in the inaugural 
dissertation of Franz von Okolicsanyi, Nurnberg 
1935, particularly pages 11, 12, etc. thereof. 
These preferred materials are in general crys- 
talline materials which have a high stress opti- 
cal, particularly a high electro-optical, coefficient 
responding practically instantaneously fo any 
change in an impressed fleld whether effectcd 
mechanically, electrically, magnetically or other- 
wise. A Kerr cell may also be substituted for 
each of crystals 48. 
As hereinbefore pointed out it is also possible 
to use birefringent materials whose birefringence 
may be varied by the application of a mechanical 
stress thereto. Typical of such materials are 
the linear high molecular weight polymers such 
as the vinyl plastics. It is well known that films 
of such plastics, when stretched, will show bire- 
fringence and that the birefringence thereof 
will vary with the amount of stress applied there- 
to. An embodiment of the invention which in- 
cludes in ifs channel spectra component wave- 
retardation members having sheets of plastic as 
their birefringent media is illustrated in Fig. 
4 and, as shown, bas the channel spectra com- 
portent 88 thereof comprising parallel polarizers 
62 and a birefringent member 84, the latter com- 
prising a pair of superposed stretched plastic 
films 68 and 68. Plastic film 86 provides the 
fixed wave-retardation element and plastic film 
88 provides the variable wave-retardation ele- 
ment of the birefringement member 64. 
Element 88 may be formed, for example, by 
laminating a sheet of stretched polyvinyl alcohol 
between glass plates. For effecting the lamina- 
tion, a suitable acrylic acid resln may be used 
such, for example, as the Acryloid F-10 made 
and sold by the Resinous Products Company in 
Philadelphia. The stretched plastic sheets of 
each of elements 88 of the several components 
80 of the filter vary in their birefringence to give 
an approximation of the desired wave retarda- 
tion ratio. 
Plastic sheets 08 may be sheets of polyvinyl 
butyral or polyvinyl butyrate plasticized with 
15% butyl sebacate and are preferably so mount- 
ed as to be under mechanical stress and so that 
said mechanical stress may be varied at will. 
For example, each of sheets 68 may be secured at 
one end in a suitable flxed clamp 70 and at the 
other end in an adjustable clamp 72, the ad- 
justment of the position of the latter clamping 
member varying the stretch to which the sheet 
is subjected. Suitable adjusting means for the 
latter clamp may be provided, such as a screw 
rangemenç 74. If desired, a common control 
may be provided for each of the adjusting ele- 
ments 74 so that a single operation can simul- 
taneously vary the birefringence of all of the 
elements 0'8. 
The thinnesç of elements 06 of this fllter pref- 
erably bas a retardation of two waves in the 
green. The ratio charactcristics of the four ele- 
ments 00 need hot be precisely 1:2:4:8. For 
ample, a satisfactory fllter is obtained if the re- 
tardation characteristics of these elements are 
as follows: 8880 mu; 4480 mu; 2250 mu and 1050 
mu. Without the birefringent elements 08 in 
the system, that is in its flxed fllter position, the 
fllter has a two-wave transmission band in the 
green. From its position in the green the afore- 
mentioned transmission band can be tuned by 
varying the birefrtngence »of elements 68 over a 
range which is equivalent to the separation 
tween iç and the next successive pa hand of the 
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fixed filtcr. Althouh as the flltcr pass banal ls 
shifted further from the flxed fllter position by 
such variation of the birefringence of elements 
08 the ratio of retardation in the individual com- 
5 ponents 60 is more and more upset, it has been 
determined that this upsetting of ratio does not 
giçe fise to any extraneous pass bands. 
Although in each of the foregoing examples the 
birefringent member of the channel spectra com- 
10 ponents comprises two elements, one of which 
bas flxed wave-retardation charactcristics and 
the other of which is so arranged that its bire- 
ïringence can be varied, it is to be expressly 
derstood thaç a single birefringent element of 
15 satisfactory wave-retardation characteristics 
may be substituted for the pair of elements of the 
foregoing examples and there may be associated 
with said single element a suitable stress-apply- 
ing mecharUsm for effecting variation changes in 
2o the wave-retardation charactcristics of the ele- 
ment of a magnitude up to one-half wavelength. 
There is thus provided a fllter whose transmis- 
sion peak is equivalent fo the corresponding re- 
tardation of the thlckest wave retardation mem- 
25 ber of the several components of the fllter. The 
fllter is tuned to vary the retardation of each 
birefringent member of the components so that 
ifs nearest transmission peak is shiftcd fo the 
point at which the overall transmission is to be 
3o a maximum. In order to do this if is only neces- 
sary to vary the wave-retardation charactcris- 
tics of the birefringent members of the compo- 
nents hot more than a hall wavelength. By vit- 
tue of this relatively small variation it becomes 
35 Possible to shift the pass bands to any position 
in the wavelength range which separates the 
transmission bands in the xed transmission po- 
sition of the fllter. 
The novel fllter of the invention provides a 
4o new tool for the observation of various optical 
phenomena and may be used in many flelds. 
There are, for example, many applications in 
colorimetry and color reproduction for a fllter 
having a pass band of approximately 100 A. in 
4 width which can be tuned in discrete jumps 
through the visible spectrum. It also becomes 
possible to apply the flltcr to analyze three di- 
mensional motion of solar prominences and with 
fllters having very narrow pass bands to analyze 
0 the fine structure of Raman lines. 
Of particular utility are the filters whose pass 
bands may be almost instantaneously varied 
from one position of the spectrum te another, 
that is, those filters which are tuned by the appli- 
5 cation of an electrical force, e. g., the filter of 
Fig. 3. Wi(h the high speed provlded by such 
tuning methods it becomes possible to make spec- 
tral analyses of very short-lived phencmena, 
such as the discharge of an Edgarton lamp. The 
6O presentation, on cathode ray oscillographs, of 
these and other absorption or emission spectra 
becomes relatively simple with an electrically 
tuned fllter of the type herein described. Such 
cathode ray tube spectral analyses may be very 
6, useful for the very quick investigation of series 
of dyes or for process control which involve spec- 
tral transmission curves. The electrically tuned 
flltcr could also be applied to sequential color 
television. 
70 It is to be expressly understood that the term 
"stress responsive" as used herein with respect 
to the birefringent elements includes all mate- 
rials in which birefringence can be electrically, 
mechanically or magnetically induced as by the 
75 application of a mechanical force or an electrical 
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field or a magnetic fleld and irrespective of 
whether the material is physically distorted, as 
!»y compression, or remains physically unaltered 
OEs the stress is applied. 
Since certain changes may be ruade in the 
above product without depating from the scope 
of the invention herein involved, if is intended 
that all matter contained in the above descrip- 
tion or shown in the accompanying drawings 
shall be interpreted as illustrative and hot in a 
limiting sense. 
What is claimed is: 
l. A tunable, narrow-band optical fllter of the 
polarization interference type having discrete 
transmission bands and a relatively wide aper- 
ture, said filter comprising a multiplicity of 
polarizers and a multiplicity of birefringent 
members so arranged as to provide a plurality of 
superposed channel spectra-producing compo- 
nents, a polarizer being located on each side of 
sid birefringent members, each said birefringent 
member comprising at least one stress-responsive 
birefringent element capable of having the wave 
retardation characteristics thereof varied by the 
çp!ication of a stress thereto, the birefringent 
mmber of each said channel spectralproducing 
omponent following the first comportent having 
n effective wave retardation thickness approxi- 
mately twice that of the preceding birefringent 
member, said channel spectralproducing compo- 
nent acting o transmit light over narrow, widely 
spaced bands of the optical spectrum, stress- 
pplying means physically connected to each of 
said stress-responsive elements and capable of 
applying a predetermined stress thereto, said 
stress-applying means being so connected to said 
stress-responsive elements that each said stress- 
responsive element is maintained by said stress- 
applying means under a uniform stress over ifs 
entire effective light-transmitting area so as to 
be uniformly birefringent throughout said area, 
and means for controlling the operation of said 
stress-applying means fo vary the stress applied 
to said e!ements, said controlling means being 
operative, by varying the stress applied to said 
elements, fo change the wave retardation char- 
OEcteristics of said members by not more than 
approximately one-half wavelength so as to shift 
the position of the transmission bands of said 
filter along the spectrum. 
2. A tunable, narrow-band, optical filter of the 
polarization interference type having discrete 
transmission bands and a relatively wide aper- 
ture, said filter comprising a multiplicity of 
polarizers and a multiplicity of birefringent 
members so arranged as to provide a plurality of 
superposed chanrel spectra-producing compo- 
nents, a polarizer being located on each side of 
said birefrin" nt members, each said birefringent 
member comprising af least one stress-responsive 
birefrinent element capable of having the wave 
retardation characteristics thereof varied by the 
application of a mechanical stress thereto, the 
birefringent member of each said channel spec- 
tra-producing component following the flrst 
comportent having an effective wave retardation 
thickness approximately twice that of the pre- 
ceding birefringent member, said channel spec- 
tra-producing component acting to transmit 
light over narrow, widely spaced bands of the 
optical spectrum, stress-applying means con- 
nected to each of said elements and capable of 
applying a predetermined mechanical stress 
thereto, said stress-applying means being so con- 
nected to said stress-responsive elements that 
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each stress-responsive element is maintatned by 
said stress-applying means under a uniform 
stress over its entire effective light-transmittlng 
area so as tobe uniformly birefringent through- 
5 out said area, and means for controlling the 
operation of said stress-applying means to vary 
the stress applied to said elements, said control- 
ling means being operative, by varying the stress 
applied to said elements, to change the wave 
10 retardation characteristics of said members by 
hot more than approximately one-half wave- 
length so as to shift the position of the transmis- 
sion bands of said filter along the spectrum. 
3. A tunable, narrow-band, optical tirer of the 
]5 polarization interference type having dlscrete 
transmission bands and a relatively wide aper- 
ture, said filter comprising a multiplicity of 
polarizers and a multiplicity of birefringent 
members so arranged as to provide a plurality of 
20 superposed clannel spectra-producing compo- 
nents, a polarizer being located on each side of 
said birefringent members, each said biefringent 
member comprising at least one sheet of plastic 
capable of being stretched and when stretched 
2 of having the wave retardation characteristlcs 
thereof changed, the birefringent member of 
each said channel spectra-producing comportent 
following the first comportent having an effective 
wave retardation thickness approximately twice 
o that of the preceding birfringent member, sald 
channel spectra-producing comportent acting fo 
transmit light over narrow, widely spaced bands 
of the optical spectrum, stress-applying means 
connected to each of said sheets of plastic and 
35 capable of maintaining said plastic in stretched 
condition, said stress-applying means being so 
connected to said sheets of plastic that each said 
shet of plastic is maintained by sald stress- 
applying means under a uniform stress over its 
4o entire effective light-transmitting area so as to 
be uniformly birefringent throughout said area, 
and means for controlling the operation of said 
stress-applying means to vary the stretch applied 
fo said plastic sheets, said control means being 
operative, by varying the stretch applied fo said 
13 sheets, to change the wave retardation charac- 
teristics of said members by not more than 
approximately one-half wavelength so as to shift 
the transmission bands of said fllter along the 
o spectrum. 
4. A tunable, narrow-band, optical filter of the 
polarization interference type having discrete 
transmission bands and a relatively wide aper- 
ture, said filter comprising a multiplicity of 
po]arizers and a multiplicity of birefringent 
5 members so arranged as fo provide a plurality of 
superposed channel spectra-producing compo- 
nents, a polarizer being located in each side of 
said birefringent members, each said birefringent 
member comprising at least one stress-responsive 
ç0 birefringent element capable of having the wave 
retardation characteristics thereof varied by the 
application of an electrical field thereto, the bire- 
frinient member of each said channel spectra- 
producing component following the flrs 
5 nent having an effective wave retardation thick- 
ness approximately twice that of the preceding 
birefringent member, said channel spectra-pro- 
ducing component acting to transmit light over 
70 narrow, widely spaced bands of the optical spec- 
trum, stress-applying means connected fo each 
of said elements and capable of applying a pre- 
determined electrical field thereto, said stress- 
applying means being so connected fo said stress- 
75 responsive elements that each said stress-respon- 
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sire element is maintained by said stress-apply- 
ing means under a uniform stress over ifs entire 
effective light-transmitttng area so as to be uni- 
formly birefringent throughout said area, and 
means for controlling the operation of said 5 
stress-applying means fo vary the voltage applied 
to said elements, said control means being opera- 
rive, by varying the voltage applied fo said ele- 
ments, fo change the v¢ave retardation charac- 
teristics of said members by not more than 
approximate!y one-half wavelength so as fo shift 
the position of the transmission bands of said 
filter along the spectrum. 
5. A tunable, narrow-band, optical filter of the 
polarization interference type having discrete 15 
transmission bands and a relatively wide aper- 
ture, said filter comprising a multiplicity of 
polarizers and a multiplicity of birefringent 
members so arranged as fo provide a plurality 
of superposed channel spectra-producing compo- 2O 
nents, a polarizer being located on each side of 
said birefringent members, each said birefringent 
member comprising ai least one crystal having 
a high electro-optical coefficient, the birefringent 
member of each said channel spectra-producing 25 
comportent following the first comportent having 
an effective wave retardation thickness approxi- 
mately twice that of the preceding birefringent 
member, said channel spectra-producing compo- 
rtent acting fo transmit light over narrow, widely 30 
spaced bands of the optical spectrum, electrical 
means connected fo each of said crystals and 
capable of applying a predetermined voltage 
thereto, said stress-applying means being so con- 
nected fo said crystals that each said crystal is 35 
maintained by said stress-applying means under 
a uniform stress over ifs entire effective light- 
transmitting area so as fo be uniformly birefrin- 
gent throughout said area, and means for con- 
trolling the operation of said voltage-applying 4O 
means fo vary the voltage applied fo each crystal, 
said controlling means being operative, by vary- 
ing the voltage applied fo said crystals, fo change 
thë wave retardation characteristics of said 
members by not more than approximately one- 45 
hall wavelength so as fo shift the position of the 
transmission bands of said filter along the spec- 
trum. 
6. A tunable, narrow-band, optical fllter of the 
polarization interference type having discrete 50 
transmission bands and a relatively wide aper- 
ture, said filter comprising a multiplicity of 
polarizers and a multiplicity of birefringent 
members so arranged as fo provide a plurality 
of superposed channel spectra-producing compo- 55 
nents, a polarizer l.eing located on each side of 
said birefringent members, each said birefringent 
member comprising at least one Kerr cell, the 
birefringent member of each said channel spec- 
tra-producing comportent following the first 6O 
component having an effective wave retardation 
thickness approximately twice that of the pre- 
ceding birefringent member, said channel spec- 
tra-producing component acting fo transmit 
light over narrow, widely spaced bands of the 65 
optical spectrum, electrical means connected to 
each of said cells and capable of applying a pre- 
determined voltage thereto, said eletrical means 
being so connected fo said cells as fo apply a uni- 
form voltage over the entire effective light- 7o 
transmitting area of each cell so as fo maintain 
said cell uniformly birefrigent throughout said 
area, and means for controlling the operation 
of said voltage-applying means fo vary the volt- 
age applied to each cell, said controlling mean 75 

being operative, by varying the voltage applied fo 
said cells, fo change the wave retardation charac- 
teristics of said members by not more than 
proximately one-half wavelength so as fo shift 
the position of the transmission bands of said 
filter along the spectrum. 
7. A tunable, narrow-band, optical filter of the 
polarization interference type having discrete 
transmission bands and a relatively wide aper- 
ture, said filter comprising a multiplicity of 
polarizers and a multiplicity of birefringent 
members so arranged as fo provide a plurality 
of superposed channel spectra-producing compo- 
nents, a polariser being located on each side of 
said birefringent members, each said birefringent 
member comprising a first birefringent element 
of fixed wave retardation characteristics and a 
second stress-responsive birefringent element 
capable of having the wave retardation charac- 
teristics thereof varied by the application of a 
stress thereto, the birefringent member of each 
said channel spectra-producing component fol- 
lowing the first component having an effective 
wave retardation thickness approximately twice 
that of the preceding birefringent member, said 
channel spectra-producing component acting fo 
transmit light over narrow, widely spaced bands 
of the optical spectrum, stress-applying means 
connected to each of said second stress-respon- 
sive elements and capable of applying a prede- 
termined stress fo only said second stress-respon- 
sire elements of said birefringent members, said 
stress-applying means being so connected fo said 
stress-responsive elements that each said stress 
responsive element is maintained by said stress- 
applying means under a uniform stress over its 
entire effective light-transmitting area so as to 
be uniformly birefringent throughout said area, 
and means for controlling the operation of said 
stress-applying means to vary the stress applied 
fo said elements, said controlling means being 
operative, by varying the stress applied fo said 
elements, fo change the wave retardation char- 
acteristics of said members by not more than 
approximately one-half wavelength so as fo shlft 
the position of the transmission bands of said 
filter along the spectrum. 
8. A tunable, narrow-band, optical filter of the 
polarization interference type having discrete 
transmission bands and a relatively wide aper- 
ture, said filter comprising a multiplicity of 
polarizers and a multiplicity of birefringent 
members so arranged as fo provide a plurality 
of superposed channel spectra-producing compo- 
nents, a polarizer being located on each side of 
said birefringent members, each said birefringent 
member comprising a first birefringent element 
of fixed wave retardation characteristics and a 
second-stress-responsive birefringent element 
capable of having the wave retardation charac- 
teristics thereof varied by the application of a 
mechanical stress thereto, the birefringent mem- 
ber of each said channel spectra-producing com- 
portent following the rst comportent having an 
effective wave retardation thickness approxi- 
mately twice that of the preceding birefringent 
member, said channel spectra-producing compo- 
rtent acting to transmit light over narrow, widely 
spced ands of the optical spectrum, stress- 
aip'.ying means connected fo each of said ele- 
ments and capable of applying a predetermined 
mchanical stress thereto, said stress-applying 
means being 2o connected fo said stréss-respon- 
sive elements that each said stress-responsive 
element is maintained by said stress-applying 
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means under a uniform stress over its entire 
effective light-trausmitting area so as to be uni- 
formly birefrlngent throughout said area, and 
means, for controlling the operation of said 
stress-applying means to vary the stress applied 
to said elements, said controlling means being 
operative, by varying the stress applied to satd 
elements, to change the wave retardation char- 
acteristics of said members by hot more than 
approximately one-half wavelength so as to shift 
the position of the transmission bands of said 
filter along the spectrum. 
9. A tunable, narrow-band, optical filter of the 
polarization interference type having discrete 
transmission bands and a relatively wtde aper- 
ture, said fllter comprtsing a multiplicity of 
polarizers and a multiplicity of birefringent 
members so arranged as to provide a plurality 
of superposed channel spectra-producing compo- 
nents, a polarizer being located on each side of 
said birefringent members, each said birefringent 
member comprising a flrst birefringent element 
of fixed wave retardation characteristics and a 
second stress-responsive birefringent element 
capable of having the wave retardation charac- 
teristics thereof varied by the application of an 
electrical fleld thereto, the birefringent member 
of each said channel spectra-producing compo 
rient following the first comportent havtng an 
effective wave retardation thickness approxt- 
mately twice that of the preceding birefringent 
member, said channel spectra-producing compo- 
rtent acting to transmit ltght over narrow, widely 
spaced banals of the optical spectrum, stress- 
applying means connected to each of said ele- 
ments and capable of applying a predetermined 
electrical fleld thereto, satd stress-applying 
means being so connected to satd stress-respon- 
sive elements that each said stress-responsive 
element is matntained by said stress-applying 
means under a uniform stress over its entire 
effective light-transmitttng area so as to be uni- 
formly birefringent throughout satd area, and 
means for controlling the operation of said 
stress-applying means to vary the voltage applied 
to said elements, said control means being opera- 
tire, by varying the voltage applied to said ele- 
ments, to change the wave retardation charac- 
teristics of said members by not more than 
approximately one-half wavelength so as to shtft 
the position of the transmission bands of said fil- 
ter along the spectrum. 
10. A tunable, narrow-band, optical filter of 
the polarization interference type having dis- 
crete transmission bands and a relatively wide 

12 
aperture, said fllter comprising a multipliclty of 
polarizers and a multiplicity of birefringent 
members so arranged as to provide a plurality 
of superposed channel spectra-producing compo- 
 nents, a polarizer being located on each side of 
said birefringent members, each sald birefringent 
member comprising ai least one stress-responsive 
birefringent element capable of having the wave 
retardation characteristics thereof varied by the 
10 application of a stress thereto, the birefringent 
member of each said channel spectra-producing 
comportent following the first comportent having 
an effective wave retardation thickness approxi- 
mately twice that of the preceding birefringent 
15 member, said channel spectra-producing compo- 
rtent acting to transmit light over narrow, widely 
spaced bands of the optical spectrum, a plurality 
of stress-applying means, one of said stress-ap- 
plying means being connected to each of said 
20 elements and being capable of applying a uni- 
form predetermined stress thereto to maintain 
said element unlformly birefringent throughout 
its effective light-transmitting area, a plurality 
of means for controlling the operation of each 
25 said stress-applying means to vary the stress 
applied to said elements, said control means 
being operative to change the wave retardation 
characteristics of said members by hot more than 
approximately one-half wavelength so as to shift 
30 the position of the transmission bands of said 
tirer along the spectrum, and a common control 
connected to each of said control means for 
simultaneously operating the latter. 
BRUCE H. BILLINGS. 
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